AbsTrACT background From a theoretical perspective, several studies indicate that happiness and health are-in some extent-interrelated. Despite the mechanisms explaining the relationship between happiness and health, there is still no consensus regarding this link. Using recently collected primary data, this study aims to examine the relationship between happiness and health, and identify potential heterogeneity in the association depending on socioeconomic status (SES). Methods This study draws on data from a nationally representative cross-sectional survey, conducted by the Greek National School of Public Health in 2015.
We applied an instrumental variable (IV) approach to address the endogeneity, arising from the simultaneous determination of happiness and health. Controlling for several confounders (ie, socioeconomic, demographic, lifestyle, social capital variables) we employed several IV models, including two-stage least squares, IV probit and bivariate probit models. results We report strong evidence of a relationship between happiness and health. This association remains strong after correcting for endogeneity, and is robust across different specifications. Further, we find a positive relationship between happiness and self-rated health (SRH) for low educated, but not for high educated. Similarly, we find a strong relationship between happiness and health for the lower socioeconomic strata, but not for the higher ones. Conclusions Overall, we show that happiness is positively associated with health. Further, happiness significantly influences SRH in low-SES individuals, but this association wanes for the higher socioeconomic strata. This finding has significant implications for health promotion, prevention and public health, and suggests that policymakers have a wider array of choices for improving health and tackling health inequalities.
bACkground
For decades, most socioeconomic analyses focused on income as the key variable affecting individuals' utility and welfare. 1 Nevertheless, following the influence of welfarism and extrawelfarism in social research, the distribuendum-in terms of societal welfare-has shifted towards happiness and health. A wide array of literature corroborates that happiness and health are-in some extent-interrelated. Indeed, several studies suggest that those who are healthier are generally happier. 2 Although the link from health to happiness can be easily explained, the way through which positive emotions could affect health status is more complicated and requires further refinement and analysis, both from theoretical and empirical perspective.
From a theoretical perspective, an obvious question relates to the transmission channels through which happiness could affect health. Put another way, which are the underlying pathways that explain such a relationship and motivate research on this topic? According to medical, psychology and social science literature, there are several physiological, social and behavioural mechanisms that potentially explain the link between positive emotions and health. 3 For example, happiness impacts specific physiological systems, including cardiovascular, endocrine and immune function. 4 In general, there are five potential transmission channels through which happiness affects health. First, a large body of literature indicates that the main transmission channel relates to the functioning of autonomic nervous system. 5 Second, happiness may affect health through some hormones released by the hypothalamic-pituitary-adrenal axis activation due to positive emotions. Third, positive affect appears to influence the functioning of the immune system, with profound implications on individual health. Fourth, happiness is associated with the intensity of social interactions and the quality of social ties, both of which are generally considered as predictors of health. 6 The last potential channel relates to the effects of happiness on the adoption of different health behaviours. In particular, happier people generally adopt a more health-promoting lifestyle, since they exercise more regularly, and are more likely to avoid smoking, drinking or unhealthy diet. 7 Diener et al 8 named the aforementioned as 'mediators of this relationship' 8 (further details are presented in online supplementary figure A1).
Apart from the theoretical interest, the analysis of this relationship entails some empirical challenges. In particular, health is an important determinant of happiness, 1 while higher levels of happiness may in turn be associated with better health. In this context, this relationship suffers from reverse causality, due to the simultaneous determination of health and happiness. Such a problem has serious implications on empirical analysis, since a simple correlational analysis would lead to biased estimates, due to the existence of simultaneity bias. There is, however, scant evidence regarding how happiness influences health, especially after having addressed the aforementioned empirical issue.
Although some studies do not report a statistically significant relationship between happiness and health, 9 10 the majority of the evidence finds that positive emotions are associated with greater level self-rated health (SRH), 7 lower risk of coronary research report heart disease, 11 longevity and better health outcomes. 12 In general, most studies indicate that happiness is conducive for health and longevity and protects against the risk of illness, but it does not appear to cure diseases or improve individuals' chances to survive existing diseases among sick populations. 2 12 Additionally, according to a recent paper, there might exist some 'effect moderators' in this relationship that essentially suggest that the relationship between happiness and health may vary across different population groups and conditions. Several studies have indeed found that age, sex and ethnicity might be moderators of this relationship. 8 There is, however, little and inadequate evidence about the potential moderating role of socioeconomic variables, which is either focused on specific health conditions, 13 or relies on aggregate data and cross-country comparisons.
14 Our analysis draws on data from Greece, a country that faced significant socioeconomic changes in the last years. During 2008-2015, the gross domestic product decreased by more than a quarter, unemployment rapidly increased from 7.8% to 24.9% and a series of austerity measures (eg, tax increases, salary cuts) were introduced in the context of a large-scale fiscal consolidation programme. 15 Evidence suggests that living conditions and health trends deteriorated, 16 17 while patients face unmet needs and increased barriers to accessing healthcare. 18 These adverse developments had an impact on well-being and life satisfaction in Greece. 19 In light of the above, this study aims to further examine the relationship between happiness and health, controlling for a number of potential confounders and using appropriate empirical techniques to address the reverse causality between happiness and health. Apart from testing this relationship in the total sample, we stratify our sample by socioeconomic status (SES), and find heterogeneity in the relationship between happiness and health. In this context, the remainder of the paper unfolds as follows. First, we present the data set and the empirical strategy of our analysis. Second, we focus on the results of the empirical analysis. Third, we briefly discuss our results in comparison with the existing literature, while we also elaborate on potential public policy relevance and implications of the findings.
MeThods data and variables
This study draws on recently collected primary data from a nationally representative cross-sectional survey (the 'Health and Welfare Survey'), conducted by the Greek National School of Public Health in 2015. The sample consists of 2012 respondents, and is stratified by age, degree of urbanisation, gender and region. Data were collected through strictly structured interviews that were conducted with the computer-assisted telephone interviewing technique. The interviews were conducted by trained interviewers.
The dependent variable is SRH, and the independent variable of interest is happiness, and its measure is based on the so-called 'affect measures of well-being'. 20 In this context, the variable for capturing happiness is derived from the question: 'How often do you feel happy?', and the possible answers range from never/ very rarely to very often/always. It is noteworthy that this variable is essentially one of the components of the so-called Scale of Positive and Negative Experience, 21 and has been also used in several studies. 9 22 23 Apart from happiness, we also control for the following sets of regressors: (A) demographic factors (age, gender, nationality, marital status); (B) lifestyle characteristics (smoking, alcohol consumption, physical exercise); (C) SES (income, education, occupation); (D) objective health indicators (existence of chronic conditions, limitations in daily activities due to health problems); and (E) proxies for social capital at the individual level (eg, size of social network, volunteering/hobbies, participation community activities). Regarding the latter set of regressors, our analysis considers some dimensions of social capital, as evidence suggests that these factors constitute strong predictors of health. It is noteworthy that these variables generally capture the main dimensions of the four interpretations of social capital, as proposed by the Organisation for Economic Co-operation and Development (OECD) (ie, personal relationship, social network support, civic engagement and trust and cooperative norms). 24 Last, we control for region fixed effects. Online supplementary table A1 presents a detailed description of the independent variables. Summary statistics can be found in table 1.
empirical strategy
Our empirical analysis is based on the following econometric specification:
where HS* is a latent variable for health status, HA is happiness, and C is a vector of the independent variables.
The empirical strategy of this paper goes beyond a simple correlational analysis between happiness and SRH, since their relationship is spurious for two reasons. First, this relationship is characterised by reverse causality, which occurs due to the simultaneous determination of these variables. Second, although we have controlled for many potential confounders, there might be unobserved heterogeneity due to omitted variables. We will thus use an instrumental variable (IV) approach to address these problems.
We start our analysis using a linear probability model for the first stage and a plain two-stage least squares (2SLS), ignoring the categorical nature of the treatment and of the outcome variable. In general, 2SLS modelling is often used in these cases. 25 In particular, a 'garden variety 2SLS' is preferable compared with other approaches, since ordinary least squares (OLS) estimation in the first stage guarantees that first-stage residuals are uncorrelated with the fitted values and the other regressors. 26 This is not necessarily the case for the residuals derived from non-linear models, such as probit or logit. We then employ an IV probit, and-last-we run an IV ordered probit in order to exploit the additional information captured by the ordinal measure of SRH. Some additional robustness checks/models and details on the IV diagnostics are presented in the online supplementary file.
A note on the choice of IVs
IV should be correlated with the endogenous variable (ie, happiness), and uncorrelated with the error term. In this context, we use two instruments for happiness: (A) mattering and (B) social trust.
The first of our instruments reflects the quality of relationships, and particularly focuses on the concept of mattering. The literature suggests that there is a strong positive relationship between mattering and happiness or other measures of wellbeing. 27 28 In this context, our instrument satisfies the relevance condition. It also appears to satisfy the orthogonality condition, since mattering could relate to physical health, but only through the happiness-related link.
In addition, we use social trust as a second instrument following the approach by Sabatini. 7 In particular, several studies have documented a positive association between social trust and happiness, 29 30 and the relevance condition is thus satisfied. What about the orthogonality condition? Although there are some studies that document a positive relationship between social trust and health, 31 they do not include happiness as a potential confounder. Therefore, the reported association between trust and health may reflect the positive relationship between social trust and happiness, if an analysis has not controlled for the latter. 7 Indeed, Durlauf 32 found that the reported effect of social trust on several socioeconomic outcomes (such as health) may be confounded by omitted variables. 32 Additionally, another strand of the literature finds little or no evidence of an association between social trust and health. 33 34 In this context, the empirical findings from correlational studies are quite conflicting. Further, it appears that there is still no evidence of a causal link or mechanism between social trust and health either from an empirical or a theoretical perspective. 7 35 From an empirical perspective, we do not find a statistically significant relationship between social trust and SRH in our sample, as shown in online supplementary table A2. Furthermore, the relevant statistical and diagnostic tests suggest that the aforementioned instruments perform well (more details are presented in the online supplementary file). Based on the aforementioned theoretical and empirical arguments, it is fairly plausible and reasonable to claim that social trust is a suitable instrument in this case, given that it appears that there is no causal or direct link between social trust and SRH in the sample we examine.
resulTs ols, probit and ordered probit estimates
Based on the aforementioned methodology, table 2 presents the OLS, probit and ordered probit estimates, without considering the endogeneity issues. We indeed find a strong positive association between happiness and SRH at the 1% significance level. As expected, the data reveal a negative association between age and SRH. Last, we find some evidence of a significant relationship between some key lifestyle factors and health, while our findings also document the so-called socioeconomic gradient in health. In particular, we find evidence of a strong association between educational level and health, since higher education is positively associated with SRH. We also report similar results for the relationship between income and SRH. 
IV estimates
As pointed above, the results of the previous analysis may be biased, since they suffer from endogeneity. Simply put, the empirical problem arises from the following: healthier people are happier, but-at the same time-happier people might be healthier. Using an IV approach, we address this problem and present the IV estimates in table 3. Following the approach by Angrist and Pischke 26 and controlling for several potential confounders, we employ a 2SLS and find strong effects of happiness on SRH at the 1% significance level. It should be noted that after accounting for endogeneity, the magnitude of the coefficient is 0.295, and more than twice as high relative to the plain OLS estimate. It is noteworthy that the magnitude of the 2SLS estimate of the coefficient of happiness is similar to the ones of the IV probit and IV ordered probit estimates, which were found to be 0.348 and 0.222. In order to have a better understanding of the impact of happiness on the probability of reporting good/very good health, we also estimated the relevant marginal effects of happiness. In particular, we find that being happy increases the probability of having good/very good health by 10.4 percentage points. This figure is substantial, especially if one compares it with the relevant marginal effects of other variables. For instance, having a chronic condition decreases the probability of good/very good health by 20.2 percentage points, while being high income increases the corresponding probability by 7.4 percentage points.
We estimated the models in table 3, treating the happiness variable as continuous, and we thus employed some models without considering the categorical nature of the endogenous variable. Although this is a consistent and widely used approach in the econometrics literature, we also present a series of robustness checks using a binary endogenous treatment (see online supplementary table A3). Similar to the models presented in table 3, we find strong positive effects of happiness on SRH in all the cases we examined. Apart from the IV estimates, the last column in online supplementary table A3 presents a bivariate probit model, which is essentially a robustness check. The estimates of the bivariate probit model also confirm our base estimates, since we find strong positive effects of happiness on health at the 1% significance level. Furthermore, we also present some additional robustness checks in online supplementary tables A4 and A5, using only mattering as instrument for happiness. Our results remain strong and robust across different scenarios, regardless of the changes and checks we employed, and further support our main findings.
heterogeneous effects of happiness on health
Apart from the overall effect, our analysis further aims to uncover potential heterogeneity in the association between happiness and health across different population groups. First, we examine potential heterogeneity between low-and high-educated individuals. Second, we repeat this exercise for the low and high-SES individuals, relying on stratification by subjective social status. The results of this analysis are presented in table 4. We find a strong positive association between happiness and SRH for low-educated, but not for high-educated individuals. Similarly, we report a strong association between happiness and health for the lower socioeconomic strata, whereas there is no statistically significant relationship for those in higher SES.
dIsCussIon
Using recently collected primary data, our analysis shows that happiness is strongly associated with health. In other words, happiness appears to be a crucial part of the 'production function' of health. Such a finding is generally consistent with the broader WHO definition of health, which incorporates a strong psychosocial element. To specifically address the endogeneity issue, we have employed an IV approach using novel instruments. In addition, following different approaches and a series of robustness checks, this relationship remains strong and statistically significant.
Our findings suggest that the effect of happiness on health is even stronger after addressing the endogeneity issue, and are generally in line with several studies. For instance, a strand of the literature has found evidence of a relationship between happiness and mortality or longevity, 36 while other studies have reported that happiness and emotional well-being are associated with several conditions, such as the incidence of stroke, 37 antibody response to vaccination, 38 coronary heart disease, 11 and SRH, long-term conditions or self-reported symptoms. 7 As pointed above, this strong association can be explained on the basis of several transmission channels. First, there are physiological mechanisms, which indicate that happiness is beneficial for several systems of the human body, such as cardiovascular, immune and endocrine systems. 8 Second, happy individuals tend to adopt healthy behaviours, and avoid unhealthy lifestyle.
A rather interesting finding relates to the heterogeneous effects of happiness on health. After stratifying the sample by educational level or SES, we find that happiness significantly influences SRH in low-SES individuals, but this association wanes for the higher socioeconomic strata. A recent review noted that research findings might be moderated by the population that is studied, and there may thus be differences in the relationship between happiness and health across different population groups. 8 For instance, a study found that anger is linked with subclinical atherosclerosis in low-SES individuals, but this is not the case for high-SES ones. 13 In the same vein, another study showed that the link between emotions and health is much stronger and critical in poorer areas.
14 However, the present one is the first study that examines the relationship between happiness and general health status depending on individuals' SES.
A potential explanation for this heterogeneity might relate to the link between happiness and healthy behaviours. In particular, this relationship can be attenuated in population groups that-in general-avoid unhealthy behaviours, such as the high educated who have generally a more healthy lifestyle relative to low educated. 39 Therefore, the nexus between happiness and health might not be significant for high-SES individuals, since most of them tend to adopt a healthy lifestyle and the association between happiness and health behaviours is thus weak.
Another explanation could be based on the broad strokes of the 'capability approach', introduced by Sen 40 and his later work on health and perceptions, 41 especially when these theoretical concepts are applied in a socioeconomic environment with extreme hardships, such as the current setting in Greece. In particular, personal valuations of well-being are heavily influenced by the socioeconomic context, within which individuals live. In this context, 'normal' is what individuals in a community (or, ad extenso, a social group) usually experience. Thus, individuals probably value how well-off they are (in terms of material possessions or emotional status) in reference or in comparison to others (ie, the current social norm). Low-SES individuals, especially in austerity-inflicted Greece, experience substantial deprivation but, also, intense negative feelings. Comparing their personal emotional state against the social norm of peers in same social class, individuals who (for any reason) experience happiness are by contrast in a better state than others (who are, by the standard norm, unhappy). This could, in turn, be translated into better health, mainly through the psychosocial dimensions of health (eg, healthy behaviours, strength of social ties). As individuals become more affluent, the magnitude of 'differential happiness' is, logically, smaller and, thus, other things than happiness (eg, more 'objective' determinants, such as aspects related to medical care) contribute to good health. In this context, happiness matters more at lower socioeconomic levels, and its role-as a determinant of health-appears to diminish for higher socioeconomic groups. In the end, could this mean that there are 'diminishing returns of happiness on health'? In any case, further research is needed in order to examine and corroborate similar findings.
Arguably, the finding that happiness impacts health has significant policy implications for health promotion, prevention and public health. Simply put, our findings suggest that policies that can make people happier can also make them healthier. These findings thus provide a better and wider ideological framework for health promotion. In particular, they imply that the WHO programming goal 'Health for all' is closely related to the utilitarian imperative of 'greater happiness for greater number'.
In practical terms, policymakers have a wider array of choices in terms of designing long-term policies for improving health. One could thus argue that policies for improving health are not merely the ones focusing on health system. More than this, several public policies could affect health through their potential impact on happiness and quality of life. There are two main types of policy interventions, and focusing on them could potentially generate health gains through happiness improvements: (A) microlevel interventions in order to help people to be happier; (B) macrolevel interventions to improve the livability of society and institutions. 2 The first set of policies can assist individuals to improve their SEs in parentheses. ***P<0.01; **P<0.05; *P<0.1. †In these models, we employ a linear first stage, ignoring the categorical treatment variable. This is the main approach proposed by Angrist and Pischke. 26 2SLS, two-stage least squares; FE, fixed effects; IV, instrumental variable; SRH, self-rated health; ADL, activities of daily living. ; and (C) professional guidance and life counselling for a happier life. These individual-level interventions are particularly important, especially for the lower socioeconomic groups, who have worse information and access to such services and practices. The latter set of interventions focuses on interventions on some macrolevel characteristics that are particularly relevant for happiness, such as good material living standards, existence of democratic institutions, freedom, a well-functioning welfare state and high-quality governance. 43 In this context, designing a 'happiness policy' in Greece is particularly relevant, especially in the current socioeconomic environment that has largely affected life satisfaction and wellbeing. In particular, Greece has experienced the largest decline in happiness levels among OECD countries during the last years. 44 The aforementioned individual-level intervention could increase happiness of the Greek population, and-based on our findings-could be also beneficial for health, especially for the lower socioeconomic groups. In addition, emphasis on the macrosocial interventions is also instrumental and policy relevant, especially in a period of economic stability, generalised mistrust towards institutions, increased pessimism and reduced material wealth. 45 
strengths and limitations
This study has some limitations. First, a richer data set could allow us to experiment with other potential instruments. In any case, our instruments perform well, and the diagnostic tests reveal that they satisfy the required conditions. Second, our findings should be interpreted with caution due to the cross-sectional design of the survey, and one should be thus careful with potential interpretation of associations as causal relationships.
Using recently collected primary data, this study contributes to the literature through several ways. First, contrary to the existing literature on this topic-we adequately address the endogeneity issue between happiness and health, using an IV approach and a novel set of instruments. To our knowledge, there is only one study using advanced IV modelling to uncover the nexus between happiness and health. 7 Second, this is the first study that finds robust heterogeneous effects of happiness on health, depending on individuals' SES. Last, we provide evidence using Greek data, during a period of an unprecedented economic downturn and severe socioeconomic changes in Greece. Given that the adverse socioeconomic changes have affected happiness, well-being, the core components of social capital and its role as a protective factor for health, 46 our findings could be useful in terms of health policy, prevention and public health.
What is already known on this subject
► Several physiological and psychosocial mechanisms could potentially explain that happiness is associated with better health status. ► This relationship suffers from reverse causality, since happiness and health are simultaneously determined (ie, healthier tends to be happier, and happier might be healthier).
What this study adds
► Using an instrumental variable approach to address reverse causality, we find strong and robust evidence of a relationship between happiness and health. ► Happiness significantly influences health in lowsocioeconomic status individuals, but this association wanes for the higher socioeconomic strata. ► We provide some potential explanations for the heterogeneity in the association between happiness and health across socioeconomic groups. ► These findings have significant implications for prevention and public health, and suggest that policymakers have a wider array of choices for improving health and tackling health inequalities.
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